Atty. Docket No. 0104-0066 (ZM0607) 

Customer No. 34086 

First Named Inventor: James E. Grimm 



"Express Mail" label number ER 266913984 US . 

Date of Deposit: March 08, 2004 . I hereby certify that 
this paper or fee is being deposited with the United States Postal 
Service "Express Mail Post Office to Addressee" service under 37 
CFR § 1 .10 on the date indicated above and is addressed to 
Mail Stop Patent Application, Commissioner for Patents, P.O. 
Box 1450/Alexandria. VA 22313-1450. 



James E. Grimm of Winona Lake, Indiana 
Chetan Rangaiah of Warsaw, Indiana 
Dale E. Walriven of Warsaw, Indiana 
Shawn E. McGinley of Warsaw, Indiana 



NAVIGATED STEMMED ORTHOPAEDIC IMPLANT INSERTER 




U.S. PATENT APPLICATION 



of 



for 



1 



Atty. Docket No. 0104-0066 (ZM0607) 

Customer No. 34086 

First Named Inventor: James E. Grimm 



FIELD OF THE INVENTION 
[0001] The present invention relates to inserter instruments for orthopaedic implants. In 
particular, the present invention relates to a navigated inserter for placing a stemmed 
orthopaedic implant into an intramedullary canal of a bone. 

BACKGROUND 

[0002] Many surgical procedures are now performed with surgical navigation systems in 
which sensors detect tracking elements attached in known relationship to objects in the 
surgical suite such as a surgical instrument, implant, or patient body part. The sensor 
information is fed to a computer that then triangulates the three dimensional position of the 
tracking elements within the surgical navigation system coordinate system. Thus, the 
computer can resolve the position and orientation of the objects and display the position and 
orientation for surgeon guidance. For example, the position and orientation of an instrument 
or implant can be shown superimposed on an image of the patient's anatomy obtained via X- 
ray, CT scan, ultrasound, or other technology. 
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SUMMARY 

[0003] The present invention provides a navigated stemmed orthopaedic implant inserter and 
method for use with a surgical navigation system. 

[0004] In one aspect of the invention, a navigated stemmed implant inserter includes a stem 
engaging member engageable with the stemmed orthopaedic implant in rigid relative 
arrangement and a reference member trackable by the surgical navigation system. The 
reference member is supported in a known rigid relationship to the stemmed orthopaedic 
implant such that the surgical navigation system may determine the position and orientation 
of the stemmed orthopaedic implant relative to the bone. 

[0005] In another aspect of the invention, a navigated femoral stem inserter for use with a 
surgical navigation system during hip replacement surgery includes a stem engaging 
member, a stem locking member, and a reference member. The stem engaging member 
includes a ring shaped head having a bore with a bore axis engageable with the neck of the 
hip stem implant. The stem locking member is mounted for translation along an axis 
transverse to the bore axis and is movable between a first position in which the neck may be 
disengaged from the bore and a second position in which the neck is prevented from being 
disengaged from the bore. The reference member is trackable by the surgical navigation 
system such that the surgical navigation system may determine the position and orientation 
of the hip stem implant relative to the femur. 

[0006] In another aspect of the invention, a method for inserting a stemmed orthopaedic 
implant into a bone during joint replacement surgery using a surgical navigation system 
includes: providing an inserter comprising a stem engaging member and a reference member 
trackable by the surgical navigation system; engaging the inserter with the stemmed 
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orthopaedic implant in rigid relative arrangement; tracking the stemmed orthopaedic implant 
with the surgical navigation system by detecting the position of the reference member and 
resolving the position of the stemmed orthopaedic implant with the surgical navigation 
system; and guiding the stemmed orthopaedic implant to a desired position relative to the 
bone by referencing the surgical navigation system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0007] Various examples of the present invention will be discussed with reference to the 
appended drawings. These drawings depict only illustrative examples of the invention and 
are not to be considered limiting of its scope. 

[0008] FIG. 1 is an exploded perspective view of an illustrative inserter according to the 
present invention; 

[0009] FIG. 2 is a perspective view of the inserter of FIG. 1; and 
[0010] FIG. 3 is a cross sectional view of the inserter of FIG. 1. 
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DESCRIPTION OF THE ILLUSTRATED EXAMPLES 
[001 1] Stemmed orthopaedic implants are typically, and successfully, positioned within an 
intramedullary canal of a bone by inserting the stemmed orthopaedic implant into the bone 
until it abuts known anatomic land marks. For example, a hip stem implant 100 may be 
inserted until it abuts the wall of the prepared intramedullary canal of a femur and/or until a 
collar on the implant abuts the edge of the resected femur. The hip stem implant 100 may be 
rotated to visually align a neck 104 or other feature. For example, the hip stem implant 100 
may be rotated to align a neck 1 04 with the position that the anatomic femoral neck once 
occupied. Other stemmed orthopaedic implants, including humeral implants in shoulder 
replacement surgery, are inserted similarly. The present investigators have determined that 
stemmed orthopaedic implants may be advantageously inserted using surgical navigation 
technology to track the position of the implant relative to the bone. 
[0012] To permit tracking of the stemmed orthopaedic implant 100, a navigated stemmed 
implant inserter 150 is provide that includes a stem engaging member 200 and a reference 
member 550 trackable by the surgical navigation system. The stem engaging member 200 
locks onto the stemmed orthopaedic implant 100 in a rigid manner so that the reference 
member 550 is supported in fixed relationship to the stemmed orthopaedic implant 100. The 
relationship of the stemmed orthopaedic implant 100 to the reference member 550 is 
registered in the surgical navigation system after the inserter 150 is attached to the stemmed 
orthopaedic implant 100. Registration may be accomplished, for example, by engaging the 
stemmed orthopaedic implant 100 with a calibration block having a known geometry and 
being trackable within the surgical navigation system and activating the surgical navigation 
system to determine the relationship between the calibration block and reference member 
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550. The surgical navigation system may then resolve and record the relationship of the 
stemmed orthopaedic implant 100 to the reference member 550 such that the relationship is 
known to the system. Once the inserter 150 is attached to the stemmed orthopaedic implant 
100 and the relationship is registered in the surgical navigation system, the relationship is 
held rigid so that it does not change during the course of inserting the stemmed orthopaedic 
implant 100 into a bone. If the manufacturing tolerances of the inserter 150 and stemmed 
orthopaedic implant 100 are held within a sufficiently narrow range such that the inserter 150 
attaches in a repeatable manner, the relationship of the stemmed orthopaedic implant 100 to 
the reference member 550 may be predetermined and recorded within the system such that 
relationship need not be calibrated each time the inserter is attached 150. The stem engaging 
member 200 may attach to any portion of the stemmed orthopaedic implant 100 that will not 
interfere with insertion of the stemmed orthopaedic implant 100 into the bone. For example, 
the stem engaging member 200 may attach to a neck 104, proximal body 106, extraction hole 
108, or other suitable feature. 

[0013] The reference member 550 is trackable by a surgical navigation system that may 
include multiple sensors at known locations that feed reference member position information 
to a computer. The computer may then triangulate the three dimensional position of the 
reference member 550 within the surgical navigation coordinate system. The surgical 
navigation system may determine the position and orientation of the stemmed orthopaedic 
implant 100 by detecting the position and orientation of the reference member 550 and 
resolving the position and orientation of the stemmed orthopaedic implant 100 from the 
known relationship between the reference member 550 and the stemmed orthopaedic implant 
100. 
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[0014] The reference member 550 may be detectable electromagnetically, acoustically, by 
imaging, or by other suitable detection means. Furthermore, the reference member 550 may 
be active or passive. Examples of active reference members 550 may include 
electromagnetic field emitters in an electromagnetic system, members that generate an 
electrical current when placed in an electromagnetic field in an electromagnetic system, light 
emitting diodes in an imaging system, and ultrasonic emitters in an acoustic system, among 
others. Examples of passive tracking elements may include elements with reflective 
surfaces. For example, reflective spheres or discs may be attached to the orthopaedic guide 
and detected by an imaging system. 

[0015] The navigated stemmed implant inserter 150 is useful to position a stemmed 
orthopaedic implant 100 in a desired position within a bone. For example, the depth that the 
stemmed orthopaedic implant 100 is inserted into the bone, the rotation of the stemmed 
orthopaedic implant 100 about the axis of the intramedullary canal of the bone, the anterior- 
posterior tilt of the stemmed orthopaedic implant 100 relative to the bone, the medial-lateral 
tilt of the stemmed orthopaedic implant 100 relative to the bone, and/or other position 
parameters of the stemmed orthopaedic implant 100 within the bone may have desired 
values. By using the navigated stemmed implant inserter 150 of the present invention, these 
parameters can be measured and adjusted. In addition, the bone may be prepared by 
broaching an opening in the bone with a rasp that also connects to a reference member 550. 
By recording the final position of the rasp, the stemmed orthopaedic implant 100 may be 
placed in the same position as the rasp using the navigated stemmed implant inserter 150. 
This is particularly beneficial where the stemmed orthopaedic implant 100 is being press fit 
into the broached opening. By matching the rasp orientation, the surgeon can minimize the 
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likelihood of splitting the femur. The navigated stemmed implant inserter 150 may be used 
to insert stemmed orthopaedic implants 100 that are fixed by cementing, press fitting, 
polished taper sliding fit, and/or other fixation methods. 

[0016] An illustrative navigated stemmed implant inserter 150 is shown in FIGS. 1-3 for use 
with a femoral hip stem implant 100. The following description provides a detailed 
explanation of this particular illustrative example. However, this detailed description should 
not be taken as limiting of the scope of the invention. The illustrative navigated stemmed 
implant inserter 150 for a femoral hip stem implant 100 includes a stem engaging member 
200 for engaging a portion of the hip stem implant 100, a distal housing 250, a stem locking 
member 300 for locking the hip stem implant 100 in engagement with the stem engaging 
member 200, a proximal housing 350, an actuator 400 for activating the stem locking 
member 300, a primary handle 450, an auxiliary handle 500, and a reference member 550 for 
permitting the inserter 150 to be tracked by a surgical navigation system. In describing the 
inserter 150 components, the term proximal will be used to refer to relative positions nearer 
the primary handle 450 and the term distal will be used to refer to relative positions further 
from the primary handle 450. 

[0017] The stem engaging member 200 includes a ring-shaped head 202 at its distal end 
having a through bore 204, a connector shaft 206 at its proximal end for engaging the distal 
housing 250, and a boss 208 intermediate the proximal and distal ends for engaging the distal 
housing 250. The bore 204 in the head 202 includes a lip 210. A protective sleeve 212 lines 
the bore 204 and abuts the lip 210. The protective sleeve 212 may be made of a material that 
will not mar the hip stem implant 100. For example, the protective sleeve 212 may be made 
of a polymer such as polyetheretherketone, polyethylene, polyester, and/or other suitable 
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materials. A retention plate 214 fits over the sleeve 212 to retain the sleeve 212 in the bore 
204. The retention plate 214 is held in place with a screw 216 inserted through the plate 214 
and into the head 202. The retention plate 214 is constrained from pivoting around the screw 
216 by a pair of opposed ears 218 extending distally from the head 202. The connector shaft 
206 includes a dimple 220 for receiving a set screw. The boss 208 includes a through bore 
222 having a non-circular cross section for engaging the stem locking member 300. The 
through bore 222 includes a proximal counter bore 224 for receiving a portion of the distal 
housing 250. The stem engaging member 200 includes transverse holes 226 through the 
ring-shaped head 202 to facilitate cleaning. The holes 226 permit cleaning fluid to enter 
between the head 202 and the protective sleeve 212. The illustrative stem engaging member 
200 is particularly suited for gripping existing hip stem implants 100 that have a neck 104 
engageable by the head 202. The illustrative stem engaging member 200 provides a rigid 
connection to permit navigated insertion of stems that were not designed with navigated 
insertion in mind. Thus, the illustrative stem engaging member 200 may adapt older hip 
stem implant 100 designs to navigation. 

[0018] The distal housing 250 includes an axial through bore 252 having a longitudinal axis 
254. The longitudinal axis 254 of the bore 252 is coincident with an inserter longitudinal 
axis 152. The bore 252 has a first, smaller, diameter near its distal end and a second, larger 
diameter, near its proximal end such that there is a step, or shoulder 256, formed between the 
proximal and distal ends. The distal housing 250 includes a radially outwardly extending 
flange 258 near its proximal end including threaded bores 260 for coupling the distal housing 
250 to the proximal housing 350. The distal housing 250 further includes a pair of grooves 
262 at its proximal end to aid in aligning the housings 250, 350 during assembly. The distal 
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housing 250 is reduced in size at its distal end to form a nose 264 that engages the counter 
bore 224 of the boss 208 on the stem engaging member 200 to rotationally constrain the 
housings 250, 350 relative to one another. The distal housing 250 includes a radially 
extending boss 266 having a socket 268 the receives the connector shaft 206 of the stem 
engaging member 200 to couple the stem engaging member 200 to the distal housing 250. A 
transverse threaded bore 270 communicates with the socket 268 and receives a set screw 272 
for securing the connector shaft 206 in the socket 268. The set screw aligns with the dimple 
220 to positively lock the shaft 206 in the socket 268 and axially and rotationally constrain 
the housings 250, 350 relative to one another. With the stem engaging member 200 
connected to the distal housing 250, the bores 252, 222 in the two components align to form 
a continuous bore. 

[0019] The stem locking member 300 includes an elongated body 302 having a distal end 
304 for engaging the femoral hip stem implant 100, a proximal end 306 for engaging the 
actuator 400, and a radially enlarged head 308 formed adjacent the proximal end 306. The 
distal end 304 may press against a portion of the hip stem implant 100 such as the proximal 
body 106. Alternatively, the distal end 304 may fit within a recess 102 in hip stem implant 
100. The distal end may be rectangular, round, elliptical, or any other suitable cross sectional 
shape. However, in the illustrative stem locking member 300, the distal end 304 has a non- 
circular elliptical cross section to fit an elliptical dimple 102 existing in some femoral hip 
stem implants 100. For example, the VerSys® Fiber Metal Taper hip stem manufactured by 
Zimmer, Inc. of Warsaw, Indiana includes such a dimple 102. It is advantageous for the 
distal end 304 to fit closely within the dimple 102 to better constrain the position of the hip 
stem implant 100 relative to the inserter 150. 
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[0020] The head 308 includes an axially aligned dimple 312 for receiving the actuator 400. 
A spring 310 is receive over the elongated body 302 and abuts the head 308. The stem 
locking member 300 is received in the axial bore 252 of the distal housing 250 with its distal 
end 304 extending through the axial bore 252 of the distal housing and the non-circular bore 
222 of the boss 208 on the stem engaging member 200. The engagement of the non-circular 
distal end 304 of the stem locking member with the non-circular bore 222 ensures that the 
distal end 304 will be rotationally aligned with the dimple 102 in the hip stem implant 100. 
The spring 310 is trapped between the head 308 of the stem locking member 300 and the 
shoulder 256 in the distal housing 250 and biases the stem locking member 300 proximally 
away from the stem engaging member 200. 

[0021] The illustrative inserter 150 is shown with the actuator 400 and stem locking member 
300 being separate parts. This facilitates the alignment of a non-circular distal end 304 of the 
stem locking member 300 with a non-circular dimple on the illustrative hip stem implant 
100. It also permits the actuator 400 to have a rotary action while the stem locking member 
300 is constrained against rotation. However, in the case where the distal end 304 of the 
stem locking member 300 is circular or where it may otherwise be permitted to rotate relative 
to the distal housing 250, the actuator 400 and stem locking member 300 may be provided as 
a single piece and the spring 310 may be omitted. 

[0022] The proximal housing 350 includes an elongated tubular body 352 having an axial 
through bore 354. Threads 356 are formed in the bore 354 adjacent the distal end to engage 
the actuator 400. The proximal housing 350 includes a radially outwardly extending flange 
358 near its distal end including bores 360 for coupling the proximal housing 350 to the 
distal housing 250. The proximal housing 350 further includes a pair of tabs 362 at its distal 
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end that engage the grooves 262 of the distal housing to aid in aligning the housings 250, 350 
during assembly. With the tabs 362 inserted into the grooves 262, screws are inserted 
through the bores 360 in the proximal housing 350 and threaded into the bores 260 in the 
distal housing to couple the housings 250, 350 together with their bores 354, 252 collinearly 
aligned. The portion of the axial bore 354 near the distal end of the proximal housing 350 is 
smaller than the head 308 of the stem locking member 300 so that the stem locking member 
300 is trapped between the housings 250, 350. The proximal housing 350 includes opposed 
auxiliary handle 500 mounting fittings 364, 366 including threaded bores 368, 370. The 
handle fittings 364, 366 permit the auxiliary handle 500 to be mounted in different 
orientations based on surgeon preference and/or to accommodate insertion of femoral stem 
implants 100 in both right and left femurs. The proximal housing 350 includes opposed 
reference member 550 mounting fittings 372, 374 including spaced apart upraised sidewalls 
376 defining sockets 378. Threaded bores 380 are disposed in the bottom of the sockets 378 
to receive an attachment screw 382. The reference member fittings 372, 374 permit the 
reference member 550 to be mounted in different orientations based on surgeon preference 
and/or to accommodate insertion of femoral stem implants 100 in both right and left femurs. 
The proximal housing 350 includes threads 384 at its proximal end for engaging a locking 
ring 386. The proximal housing 350 includes slots 388 to facilitate cleaning of its interior. 
[0023] The actuator 400 includes an elongated shaft 402 having an axis 403 coincident with 
the inserter axis 152. The shaft includes threads 404 and a transverse bore 406 near its 
proximal end for connecting the shaft 402 to the primary handle 450. The shaft 402 includes 
threads 408 near its distal end for engaging the threads 356 near the distal end of the 
proximal housing 350. These threads 408, 356 convert rotary inputs to the actuator 400 into 
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linear translation along the inserter axis 152. A distal tip 410 engages the dimple 312 in the 
head 308 of the stem locking member 300 to drive the stem locking member distally in the 
distal housing 250. The shaft includes a radially extending flange 412 for abutting the 
locking ring 386. The actuator 400 is assembled into the inserter 150 by inserting the distal 
tip 410 along the axial bore 354 of the proximal housing 350 until the distal actuator threads 
408 abut the threads 356 of the proximal housing 350. The actuator 400 is then rotated to 
engage the threads 408, 356 and move the actuator distally until the distal tip 410 engages the 
dimple 3 12 in the head 308 of the stem locking member 300. The locking ring 386 is then 
threaded onto the proximal housing 350 by engaging internal locking ring threads 390 with 
the proximal housing threads 384. The locking ring 386 is advanced until a locking ring 
shoulder 392 engages the actuator flange 412. 

[0024] The primary handle 450 includes an exterior gripping surface 452 and an axial 
through bore 454. A transverse bore 456 communicates from the exterior gripping surface 
452 to the axial bore 454. The handle 450 is assembled onto the actuator shaft 402 by sliding 
the axial bore 454 over the proximal end of the shaft 402 until the transverse bore 456 in the 
handle 450 aligns with the transverse bore 406 in the shaft 402. A pin 458 is then inserted 
into the bores 456, 406 to lock the handle 450 on the shaft 402. A strike plate 460 having a 
threaded bore 462 is then threaded onto the threads 404 on the proximal end of the actuator 
shaft 402 until the strike plate 460 abuts the proximal end of the primary handle 450. The 
handle 450 may be used to grip the inserter 150 and manipulate it relative to the surgical site. 
The handle 450 may also be rotated to move the actuator 400 relative to the proximal housing 
350 to activate the stem locking member 300. 
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[0025] The auxiliary handle 500 includes an elongated shaft 502 having threads 504 at one 
end for engaging the threaded bore 368, 370 in the auxiliary handle mounting fittings 364, 
366 of the proximal housing 350. The auxiliary handle 500 provides additional gripping 
options to the surgeon and permits a counter rotation force to be applied to the proximal 
housing 350 while the primary handle 450 is rotated to drive the actuator 400. 
[0026] The reference member 550 includes a reference member body 552 supporting 
reference elements 554. The reference member 550 includes a connecting portion (not 
shown) including a female dovetail opening for connecting to a male dovetail 556 on a 
reference member tower 558. The reference member tower 558 includes a through bore 560 
at one end. The reference member tower 558 engages the socket 378 of the reference 
member mounting fittings 372, 374. With tower 558 engaged with the socket 378, the 
through bore 560 aligns with the threaded bore 380 so that the attachment screw 382 may be 
inserted through the through bore 560 and engaged with the threaded bore 380 to lock the 
tower in place. 

[0027] In use, the neck 104 of the hip stem implant 100 is inserted into the protective sleeve 
212 in the head 202 of the stem engaging member 200 until the neck 104 is pressed tightly 
against the sleeve 212. The primary handle 450 may then be rotated to turn the actuator 400 
and cause it to translate distally as the actuator threads 408 engage the internal proximal 
housing threads 356. By gripping the auxiliary handle 500, a counter torque may be applied 
to the proximal housing 350 to facilitate turning the primary handle 450 and actuator 400 
relative to the proximal housing 350. As the actuator 400 translates distally, the distal tip 410 
of the actuator 400 presses against the stem locking member 300 and causes it to move 
distally. The stem locking member 300 compresses the spring 310 and the distal end 304 of 
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the stem locking member 300 moves into engagement with the hip stem implant 100. In the 
illustrative embodiment, the distal end 304 of the stem locking member 300 engages the 
dimple 102 in the proximal body 106 of the hip stem implant 100. Further tightening of the 
primary handle 450 causes the stem locking member 300 to press tightly against the hip stem 
implant 100 and lock it in position relative to the stem engaging member 200. Since the bore 
204 in the head 202 of the stem engaging member 200 is angled relative to the axis 254 along 
which the stem locking member 300 travels, the hip stem implant 100 must move 
transversely to that axis 254 in order for it to be withdrawn from the stem engaging member 
200. With the stem locking member 300 pressed against the hip stem implant 100, the hip 
stem implant 100 is prevented from moving transversely and therefore it is locked in 
position. Alternatively, the stem locking member 300 may press against the hip stem implant 
100 to create a bending moment at the neck 104 that causes the head 202 to grip the neck 104 
in a wedging grip. The locking ring 386 may then be tightened against the flange 412 to 
provide axial and frictional rotational resistance to the actuator 400 loosening in use. 
[0028] The position of the hip stem implant 100 may now be tracked by the surgical 
navigation system which tracks the reference elements 554 and resolves the position of the 
hip stem implant 100 from the known relationship between the reference elements and the 
hip stem implant 100. The hip stem implant 100 may be guided to a desired position and 
orientation in the femur such as to a desired depth, rotation, anterior-posterior tilt, medial- 
lateral tilt, and/or other position parameters of the hip stem implant 100 within the femur. By 
using the navigated stemmed implant inserter 150 of the present invention, these parameters 
can be measured and adjusted. In addition, the femur may be prepared by broaching an 
opening in the femur with a rasp that also connects to a reference member 550. By recording 
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the final position of the rasp, the hip stem implant may be placed in the same position as the 
rasp using the navigated stemmed implant inserter 150. This is particularly beneficial where 
the hip stem implant 100 is being press fit into the broached opening. By matching the rasp 
orientation, the surgeon can minimize the likelihood of splitting the femur. The auxiliary 
handle 500 may be used to rotate the hip stem implant 100 to the desired position within the 
femur and the strike plate 460 may be impacted to drive the hip stem implant 100 into the 
femur. 

[0029] The inserter 150 is disengaged from the hip stem implant 100 by loosening the 
locking ring 386 and then rotating the primary handle 450 to translate the actuator 400 
proximally in the proximal housing 350. The spring 310 retracts the stem locking member 
300 proximally to disengage it from the hip stem implant 100. The head 202 of the stem 
engaging member 200 may then be slipped off of the neck 104. 

[0030] Although an example of a navigated stemmed implant inserter and its use have been 
described and illustrated in detail, it is to be understood that the same is intended by way of 
illustration and example only and is not to be taken by way of limitation. Accordingly, 
variations in and modifications to the inserter and its use will be apparent to those of ordinary 
skill in the art, and the following claims are intended to cover all such modifications and 
equivalents. 
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